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Abstract. Many practical tasks in industry, such as automatic inspec-
tion or robot vision, often require the scanning of three-dimensional shapes
by use of non-contact techniques. However, few methods have been pro-
posed to measure three-dimensional shapes of transparent objects because
of the difficulty of dealing with transparency and specularity of the sur-
face. This paper presents a 3D scanner for transparent glass objects based
on Scanning From Heating (SFH), a new method that makes use of local
surface heating and thermal imaging.
Key words: Infrared imaging, Three-dimensional image processing, Car-
bon dioxide laser, Glass.
1 Introduction
Three-dimensional scanning has been widely used for many years for reverse en-
gineering and part inspection. A good review of 3D model acquisition techniques
can be found in [1]. However, most of these methods are designed to obtain the
shape of opaque surfaces with Lambertian reflectance properties. Scanning of
transparent objects cannot be properly achieved using these techniques. Figure
1 illustrates this fact and presents a transparent glass object and its reconstruc-
tion by a Minolta VI-910 Non Contact 3D Digitizer. The 3D reconstruction of
the object is affected by internal refractions and specular reflections.
Researchers have proposed different approaches to deal with transparent ob-
jects. Miyazaki et al. have developed a method to determine the surface orienta-
tions of transparent objects based on polarization degrees in visible and infrared
wavelengths [2, 3]. Hata et al. have developed a shape from distortion technique
to recover the surface shape of a glass object [4]. Ben-Ezra and Nayar estimated
the parameterized surface shape of transparent objects using structure from
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Fig. 1. (a) Transparent glass object, (b) 3D reconstruction by Minolta VI-910 Non
Contact 3D Digitizer.
motion [5]. Additionally, an extension using optical flow formulations has been
presented by Agarwal et al. [6]. Kutulakos and Steger investigated several appli-
cations of direct ray measurement [7]. Fanany et al. proposed a method based on
a neural network scheme for transparent surface modeling [8]. Narita et al. used
a range-finding approach [9]. Skydan et al. applied a fringe reflection technique
to measure the 3D shape of automotive glass [10]. These approaches can deal
relatively well with different sub-classes of objects. However, the algorithms are
still very specific and not generally applicable. Furthermore, many techniques
require considerable acquisition effort and careful calibration [11].
In this paper, a new 3D Scanner based on Scanning From Heating (SFH)
method is presented. The paper is organized as follows. Section 2 presents the
theory behind and describes the scanner. In Section 3, results are presented.
Finally, Section 4 concludes the paper.
2 Scanner Design
2.1 Scanning From Heating (SFH) method
The working principle of the method is illustrated on Figure 2. An infrared
camera and a laser are placed on a moving platform. The surface of the object
is localy heated at a point, using the laser. For each position of the moving
platform a thermal image is acquired and pixel coordinates of the heated point
are calculated (Pc1(Xc1, Yc1) for Position 1 and Pc2(Xc2, Yc2) for Position 2).
The pixel coordinates of the heated point are obtained by smoothing the image
with a Gaussian filter of 11x11 pixel size and σ = 2.36, then approximating by a
quadratic polynomial in x and y, and finally examining the polynomial for local
maxima. The process is repeated for several points by moving over the object
to recover its surface shape. Knowing the intrinsic and extrinsic parameters of
the acquisition system, and using the pinhole camera model [12], the 3D world
coordinates are obtained as in Eq.(1).
∆Z = k.
√
(Xc2 −Xc1)2 + (Yc2 − Yc1)2 (1)
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Fig. 2. Scanning From Heating method.
where ∆Z is the variation of the depth between position 1 and 2. k is a
constant which can be determined by an initial calibration, which consists of
determining the camera coordinates of at least two points of a known object.
The camera observes the emission of the thermal radiation of the heated
point once the laser has finished firing. It does not acquire the projection of the
laser spot on the surface. Therefore, the method is not affected by the possible
reflections of the laser beam on the surface of the glass.
To be able to heat the object with the laser, the object surface should be
opaque to the laser source (i.e. the object should not transmit the laser beam
through). Figure 3 illustrates the transmission of light as a percentage in the in-
frared domain of commonly used glasses. Presented glasses are opaque at wave-
lengths higher than 10 µm. Consequently, using a laser with a wavelength higher
than 10 µm as heating source, the SFH method can be applied to transparent
glass objects. We chose here to use a CO2 laser at 10.6 µm.
Once the surface is heated, the thermal camera observes the emission of
thermal radiation at the impact point of the laser on the surface. This emission
should be omnidirectional so that the thermal camera can capture accurately the
heated point on different curvatures of the surface. Figure 4 illustrates emissivity
of a dielectric sphere like glass. The emissivity approaches an omnidirectional
source.
The prediction of the heat distribution of the laser irradiation zone is im-
portant for accurate detection of the heated point. Additionally it is necessary
to know the laser power to bring the surface of the object to a given tempera-
ture that is detectable by the thermal camera. A mathematical model proposed
by Jiao et al. is used [15]. For a CO2 laser beam traveling in direction x at a
constant velocity v, we consider the laser power to have a Gaussian distribution
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Fig. 3. Transmission of light as a percentage in the infrared domain of commonly used
glasses [13].
Fig. 4. Emissivity of a dielectric sphere like glass[14].
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as in Eq. (2). We treat the CO2 laser beam as a surface heating source, so the
impulse function δ(z) is applied in Eq. (2).
I(x, y, z, t) =
P0
pir2
exp
(
− (x− vt)
2 + y2
r2
)
δ(z) (2)
where P0 and r are the power and the radius of the CO2 laser beam, respec-
tively.
2.2 Technical properties of the scanner
Object to Scan
Laser
 X-Y Moving Platform
IR Camera
Fig. 5. CO2 Laser, Thermal Camera and the X-Y Moving platform.
The scanner has been designed to reconstruct models of large objects up to
80x150x30cm in size. A Synrad 48 Series 10W CO2 Laser at 10.6 µm is used
as the heating source. Thermal images are acquired with a Flir A320G LWIR
Camera sensitive to 8 - 13 µm. The power of the laser is controlled by a Synrad
UC2000 Laser Power Controller. The laser and thermal camera are placed on an
XY positioning system, which is programmable to scan a given area in predefined
steps of X and Y with a precision of 50 µm [Fig.5]. Additionally, the laser is set
to fire continuously as it moves over the object during the scan, permitting
acquisition of thermal images without stopping and the recovery of 3D points at
the maximum speed of the camera (50 fps).
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3 Results
This section presents results obtained from the SFH scanner.
Figure 6 illustrates the results obtained on a glass plate 10x5cm in size from
65 points. The reconstruction is compared to a perfect plane. The average devi-
ation is 150µm. This results allows us to validate the method.
Figure 7 illustrates the 3D reconstruction of the transparent glass cup pre-
sented in Figure 1 by the SFH Scanner and the reconstruction of the same cup,
after being powdered, by the Minolta 3D Laser Scanner. In order to validate
the efficiency and determine the accuracy of the method, results are compared
and the average deviation is determined. Figure 7 presents 3D comparison of the
reconstructions and the histogram of the deviation. The results fit reasonably
well, and the average deviation is 210µm. Differences between the two models
are mostly located on the borders of the scanning region and are probably due
to calibration errors in both reconstruction systems.
number of points
Fig. 6. 3D reconstruction of the transparent glass plate, compared to a perfect plane.
Figure 8 illustrates the results obtained from the scanning of a complex trans-
parent glass object 7x7x15cm in size from 2100 points and Figure 9 illustrates
the results obtained from another complex transparent glass object 9x9x14cm in
size from 1300 points. Hence, the system is applicable to wide range of objects
ranging from flat surfaces in the automotive industry to more complex objects
in the packaging industry.
A 3D Scanner for Transparent Glass 7
(a) (b)
average
mm
mm
number of points
(c)
Fig. 7. (a) 3D reconstruction of the transparent glass cup presented in Fig.1 by the
SFH Scanner, (b) 3D reconstruction of the transparent glass cup, after being powdered,
by the Minolta 3D Laser Scanner, (c) 3D comparison of the reconstructions and the
histogram of the deviation.
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Fig. 8. (a) Transparent glass object, (b) 3D reconstruction by the SFH Scanner
(a) (b)
Fig. 9. (a) Transparent glass object, (b) 3D reconstruction by the SFH Scanner
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4 Conclusion
This paper presented a scanner for the 3-D shape measurement of transparent
glass objects using the Scanning From Heating method. The scanner was imple-
mented and tested on diverse glass objects. Experiments show that the quality
of the reconstructed models is accurate as conventional laser scanners in the vis-
ible domain. Additionally, the obtained results demonstrated that the scanner
has the capacity to scan different types of surfaces. The scanner holds promise
for a wide range of applications in automotive and packaging industries. Future
work will concentrate on extensions of the system, mainly oriented toward the
projection of a specific pattern (e.g., line, grid, matrix of points) to improve the
3D point acquisition speed and precision. Initial tests on diverse transparent ma-
terials such as plastic have been performed and yield promising results. Further,
an application for an industrial production line is planned.
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